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ABSTRAC r1. Lee cores recentl y drill ed to bedroc k on th e co l o f Hu ascara n 
(9°06' S, 77°36' \V , 6047 m a .s.!. ) ofte r th e po tenti a l fo r a long, a nnua lly resoh 'Cd 
clim a te reco rd from tropica l South Ame ri ca. This pa pe r presents th e reco rd from 19.30 
to 1993 prese l'\'ed in mi c ropa rticl e a nd nitra te co ncentra ti ons a nd oxygen-isoto pi c 
ra ti os , Ave rage mOlllhl y tempera tures rro m a satellite-linked a ULO m a ti c \\'ea th er 
sta ti on insta ll ed on nea rb y Hu aica n in 199 1 a re prese nted. Annual tempera tures fi'om 
local hi gh- a ltitude m eteo ro logical stati ons. a long with th e a nnual Hu aseadlll isotopi c 
record , sh ow a wa rming trend o\'e r th e las t t\\'O d ecad es . The m a rk ed prese l'\ 'a ti on 0 (' 

th e clima te reco rd in oxygen-i so topic ra ti os o n Hu asca ra n is a bsent a t 10\\'er- elC\'a ti on 
sites, \\'hi ch have been a ffec ted by th e recent \I'a rming , This pa per d em onstra tes th e 
es ta blishment o f a time-sca le fo r th e Hu asca r illl core. th e prese l'\ 'a ti on o f' th e clim a ti c 
sign a l with d epth a nd th e linkage o r th e ice-co re " prox \'-c lim a te" pa ra m e te rs \\'ith 
measured c lim a ti c \ 'ariations, 
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Addressing th e sig nifi ca nce o f' rece nt g lo ba l clima ti c 
\ 'a ria tio ns requires a long-term g lobal-sca le fra m e o f 

reference against which present a nd future cha nges m ay 

be assessed, Fo rtuna tely, proxy reco rds [o r pa leoclim a ti c 

reco nstru c ti on are availa ble f, 'om select hi g h- ele\'ation 
tropi cal a nd su b tropi cal ice ca ps, Th ese reco rd s are o r 
pa rti cul a r inte res t as th ey a re loca ted \I'he re clim a te has a 

signifi cant impac t on huma n acti\ 'it )' . In 1983, t\l'O co res 

\\'e re drilled to bedrock o n th e Qu elccaya ice ca p 

( 13°56' S, 70°50' \\', 5670m a .s.I. ), located on th e east­

ernmos t rise o r th e Andes in so uth ern Peru (Fig . I ) , Th ese 
co res prm'id ed much \ 'alu a ble info rm a ti on a bo ut c lim a ti c 
\ 'a ri a ti o n s o \'e r th e las t 1500 years in thi s reg io n 
(Thom pso n a nd o th ers, 198.3 , J 986); ho\\'e\'e r , th e)' rep­

resent th e conditi ons at a sing le loca ti on. Thus, to 

di stin g uish la rge-sca le regio na l o r g loba l ph enomena 

rrom loca l c\'ents it is necessa ry to re tri e\'e pa leoclim a ti c 
hi sto ri es from o th er tropi ca l loca ti o ns. In J 993 t\\'o cores 
\\'e re reco\'e red to bedrock fro m th e co l o f Hu asca ra n 

(9°06' S, 77°36' VV , 6047 m a .s.l. ) in no rth-ce ntra l Peru, 

Wh en comple te, th e anal yses o[ th ese co res a re expec ted 

to prm'id e a clim a ti c hi story exceeding th a t from 

Qu e lc caya. Thi s p a pe r prese nt s th e mi c ro pa rti c le 
(i\ I PC ) a nd nit ra te (N03 ) co ncentra ti ons a nd oxyge n­
isotopic ra ti os (b IHO ) fo r th e m os t recent pa rt o r th e 

Fig . I, .11 aj) of Peru JllO ll'illg the locatiolls if ice C([PS ill 
Ihe CordilLera BI([II{({ . Ih e Qy elcca,)'(l ice caj) 10 Ih e sOIlIl! 
alld Ihe meteorological slaliolls al ReCl/(~) ' alld Chiquiall , 
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record ( 1950 93 ) , ex trac ted rrom th e upper 57m of the 
Hu ascanl n core . 

FIELD AND LABORATORY METHODS 

Th e drilling was accom plished in J ul y- A ug ust 1993 using 
a po rtable, lig htweig ht , so lar-powered sys tem asse mbled 
a t the Byrd Polar R esearch Center . It is designed to be 

broken into compon ents wh ich can be bac kpacked into 
remote sites. The first co re, 160.3 m long, was cut in to 
sa mples \\'hi ch \I'e re melted and bottl ed in thc field. Core 2, 
166. 1 m long, was re turned rrozen to The Ohio State 
University. The upper 33 .5 m or co re 2, which consis tcd 

primari ly of rirn. \\'as cut from the center of' th e co re into 

sepa rate samples of equa l size for each of the a na lyses. T o 
ha ndle the firn during cutting, se\'eral se ts or la tex glo\'es 
were used which had been prev io usly sc rubbed in .\Iilli-Q 
ultra-pure \\'ater . Below the firn /ice transition , samples 
were a lso cut from the center oe th e core, but those for j\IPC 

and N03 a nal yses were tra nsported to a class- l OO clean 
room a nd washed wit h ;'Iilli-Q wa ter prior to melting . 

Concentra ti ons or micropa rti cles with di ameters bet­
wcen 2.0 a nd 40 .3 f-Lm werc meas ured with a Co ulter 
Counter \ Iodel TAIl equipped with a 100f-Lm a perture 
tube. ,\liD"a te concentrations were a na lyzed using a Dionex 

~lodel 2010i ion chromatogra ph , a nd 81S0 was meas ured 

using a Finnigan :Ma t Delta E mass spectrometer. 

RESUL TS AND DISCUSSION 

At hig h ele\ 'a ti ons in th e Pent\'ia n Andes, 80- 90% of the 

a nnual prec ipita tion occ urs as snowfa ll during the a ustral 
su mm e r a nd ra il (November tod ay ) . On th e co l of 
Huasca ra n a n accumu lation /stra in network of 15 sta kes 
co\'C ring a n a rea or 1.2 km x 2.3 km \\'as es tabli shed in 

Septem ber 199 1. Th e stake heigh ts were remeasured a nd 

ex tend ed in October 1992 a nd again in July 1993. The 

2 rear average of a nnu al accumulation (An ) is 3.3 m of 
snow, or 1.29 m w.e .. This is consistent with the results 
(i'om a 3m snow pit exca\,ated inJul y 1993 adj ace nt to 
th e drill site which contains I year or acc umula ti on . The 
winter dry season is cha rac teri zed by hig her MPC a nd 

N03 concen tra tions, and generally less nega ti\'e 81S0 
(Fig. 2a- c). ~IPC is a lso hig her during th e dry season on 
th e Quelccaya ice cap (Thom pson a nd others , 1979) . 
Concentrations 0[' C l and SOI ~ do no t d isplay distinct 
wet/dry season signa ls. 

On Huasca ra n, as on Quelceaya, th e increased l\IPC 

a nd N03 in the dry season result from high radiation 

receipt coupl ed with littl e snow acc umulation (Thompson 
and o th ers, 1984) . ~[ultipl e thin radi a ti on crusts are 
gene rally assoc iated with th e dust pea ks. ]\IIPC a lso 
renec ts th e na ture of a nd dista nce fi"om so urce a reas and 

wind speed. Th e sa tellite-linked a utomatic weather 

sta ti o n (A \VS) situ a ted o n the nea rb y Hu a lcan ice cap 
(9° IS'S, 77°30' W , 5273 m a .s.l. ) has so ra r pro\ 'id ed 
tempera ture a nd wind d a ta Crom November 199 1 to 
September 1993 . \ \ 'inds \'ary rrom strong norrh eastc rlies 
during the winter (up to 6ms I in Jul y) to weake r 

south eas terli es in summ er (2.5-4 m s I). Throughout the 

yea r, the domina nt wind direc ti on is from the Amazon 

226 

Winter Summer Winter 
1993 1992 

";' 30000 
E 
E 20000 (a) 
::t 

0 
N 
11. 

10000 (.) 
Q. 

::E 
0 

450 

~ 
300 c. 

S 

150 
0'" 
z 

0 
-10 

'0 -15 0 

cL 
0 -20 

co .... 
00 -25 

0 1 2 3 
Depth (meters of snow) 

0 

E '-2 (d) 
Cl) -4 .. 
::l - -6 I! 
Cl) 

-8 c. 
E 
Cl) -10 I-

-12 
July Mar Nay July Mar Nay 
1993 1993 1992 1992 1992 1992 

MonthlYear 

Fig. 2. ( a) MicrojJarticle concentrations ( MPC), ( b) 
nitrate [ollcentrations (. N'03 ), and (c) o'(),gen-isotojJic 
ratios ( 8 18 0 ) Jor a 3117 pit excavaLed in Ju6' 1993 
adjacellt Lo L/ze drilling site 011 HlIascardn . The piL record 
rejJresents 1 )lear oJ accllmufa t ion . ( d) Ai ontll0' averages of 

air tem/malures ]ram t/ze A 11 "S on neiglzboring Hualcdll, 
.\ ·ovember 1991- J u6' 1993. T he winter dl) ' season 
( M a)' October) is m.arked by high JIlPC and. \'03 

and emiched 818 0 alld lower air lemjJeratllres. 

basin , a possible so urce a rea [or much of the dust. This 

loca l wind regime is diffe rent from th a t on Quelccaya to 
th e so uth . where westerlies a nd norrhwes terli es domina te 
in th e dr y season (Mosley-Thom pso n , 1982 ) . Th e 
obse r\'ed wind direc tion s a t both Hu ascara n a nd 

Quelccaya agree with th e la rge-sca le 500 mba r now 

pattern desc ri bed by Chu and H astenra th ( 1982 ) . 
The ice-core ti me-sca le is based on the seasona l 

nuctua ti ons in ~lPC , N03 a nd 8 18 0 a nd is shown 
(Fig. 3) ror lhree sec ti o ns in th e upper 57 m or co re 2. Th e 
thinning or th e a nnua l laye rs with d epth is ob\·io us. The 
a nnual cycles are depic ted as the rma l yea rs (i. e. from dry 

season to dry seaso n ) whi ch a re eas il y id entifi ed , 
pa rti cul a rl y in N03 concentrations. This is ex pec ted to 

pro\'id e th e templ ate ror dating the d eep core to th e dep th 
a t whi ch a nnua l resolution is los t due to layer thinning. 

~vrost of the snow on Hu ascaran which fa lls in the 

South ern H emispheric summ er is character ized by ISO 

d epletion (Fig. 2e ), which is opposite to the temperature-
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Fig. 3. Three ill lerl'Olsjiol7l Ihe HlIascarall ice core ( 1950/ 
51 10 1955/56: 1969/70 10 1973/74: 1987/8810 1989/90) . 
T illlf lilies ( dashed ) are drawlI 10 de/Jicl Ihermal . )'ears 
( dl)1 seajOIl 10 d!)' seasoll) . Th e dis! ill (1 seasoll ali{J' ill 
.liPe alld . \ "03 is illllslrated. aJ is lite Ihillllillg I.!! Ihe 

allll lla L /(~J'ers willt dejJth. 

81HO re la ti onship obse J"\Td in th e pol a r regions (Da ns­
gaa rd. 196+). A \\'S tempera LUre d a ta from Hua lca n 
indi ca te that th e warmes t tempera tures occ ur in th e 

Sllmm er (Fig . 2d ), a nd th e lowes t from Aug ust to 

O c to ber, a t whi ch tim e snO\\·fa ll is enri ched in IBO . 

The tra nsfer fun cti ons essenti a l fo r interpretin g 8180 in 
tropica l ice ca ps are no t full y understood. Groo res a lld 
o th ers (1989) an a lyzed th e c5 IRO reco rd from Quelrcaya 
a nd th eo ri zed th a t on a seasona l basis c5 180 does no t 

strongly reOec t tempera ture as in hi gh la titud es, but res ults 

from a combina ti on of fac to rs including a ir-mass stabil ity 

a nd a ir circulation . Sea. ona l differences in th e isoto pic 
composition of th e moisture [i-o m th e Amazo n basin may 
a lso be res ponsible fa r th e iso topic I'a riati ons in th e ice . :-\ 
more d eta iled disc uss ion is prO\' ided by \ [o li on (1975 ). 

Le ttau and o th ers ( 1979 ) a nd Sa lati a nd o thers ( 19 79) . 

Severa l studi es ha \'e no ted a seasona l a nd a nnua l 
"amou n t effec t" , \I 'hi ch is a rela tionsh ip be tll'ce n hi gh 
sta ble-i soto pic ra ti os and low a mo unts o f prec ipita ti on. 
espec ia ll y in tro pi ca l reg ions ( Da nsga a rd . 1964; Y unse r­
I'e r a nd G a t, 1981 ; J o uze l a nd o th ers, 1987 ). Altho ugh on 

Hu asca ra n and Quelcca ya th e \I'e t-season sn o\l' is iso­

topica ll y d eple ted , a nnuall y a \'e ragcd 8180 (8180 ,," ) a nd 
All (reco nstru c ted [i'om laver thi cknesses ) a re poo rll' 
con-el a ted: th e coe fTi c icnt of det e rmina ti on (R 2) is less 
th a n 0 .1. For a longer tim e perspec til 'C, Th ompso n a nd 
o th ers (1986) no ted th a t th e Littl e Ice Age on Quelccaya 

\I'as cha rac terized by d eple ti on in 8180 from AD 1500 to 
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1900 . but th at acc umula ti on \\'as a bOl'e a l 'e rage fi'om 
1500 to 1700 a nd belo\\' a l 'C rage from 1700 to 1900. Th e 

"am o unt eflec t" in th e tropics \I 'as d oc um ented using 

d a ta m a inly from \I'a rm ( > 15 C l, low-elel 'a ti on sites. I t 

is poss ibl e th a t thi s re la ti onship d oes no t app l ~ ' to co lder, 
hig her eln·a ti ons. a lth ough mo re illl'es ti ga ti on is needed 
to I'erifl' thi s. 

It is o f' inte res t to no te th a t \I'hil e th e seasona l 

te mpe r a ture r a nge d e te rmin ed fr o m a n A \\' S o n 

Quelccaya is a bo ut 2°C (:-los ley-Th ompso n. 1982), th e 

A \\'S d a ta from Hua lca n sh oll' a 9"C difference be tll'een 
\\' inte r a nd summ er temperatures (Fig . 2c1 ) . Th e 1993 
H uasca ra n co re a nd th e combincd reco rds from th e t\l'O 
Queiccaya co res sho\\' \I 'e ll -prese J'\ 'ed seasona lity in 8180. 
with a season a l I'a ri a ti o n of ~8%0 a t th e surface . 

H O\l'e \'e r , th e seasona l ra nge in Quelcca ya d ec reases to 

a pproxima tell' +%0 a t 40 m (Th ompson , 1992 ). whi ch is 
d a ted 1950, \I'hil e th a t on Huasca r{ln d oes no t d ec rease 
lI'ith d epth in th e upper 57 m. 

Th e 8180 '"1 I'a lues f'rom th e Huasca rLl n co re are 
simila r to th ose fo und in th e Qu e lccaya ice ca p 

(Th ompso n a nd :-[os ley-Thompso n. 1992 ) [o r th e pe ri od 

1950 83 (Fig . + ) . .\'o t o nl y th e trend s but a lso th e ra nges 
o f' th e a nnu a l a l 'e ragcs o l 'C r th e las t fOLlr d ecad es a re 
comparab le a t bo th sites, indi ca ting th a t th el' may be 
a ffec ted b\' th e sa me processes. For exa mple. th ey sha re a 

common \I'et /dry season m oisture so urce . th e Am azo n 

basin and ultim a tely th e At la nti c O cea n (T a ljaa rd , 

1972 ). Sim il a rl y, bo th sites a re a fTec ted by th e same 
a nnLl a l cyc le o f' la rge-sca le c ircul a tion (Chu a nd H as ten­
ra th . 1982; Thompso n a nd o th e rs, 1984 ). Quelccaya a t 
56 70 m a. s.1. h as a n average c5 IBO of 17.6%0 from 1950 to 

1983, whi ch is \'e ry c lose to th a t from H uasca ra n a t 

6050 m a.s. 1. ( 17.3%0 I ri-om 1950 to 1993 . D a nsgaa rd 
( 1964 ), Ambac h a nd o th e rs ( 1968 ) a nd Burk a nd Stuil'C r 
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Fig . -I. ,-lllllllall]' averaged c5 IS 0 ( /950- 92 ) fro m Ih e 

HllaSCarrlll ice core . romjJared wilh allllllal£r O1'eraged 
818 0 ]rom the QlIeICC(~)'a ice ca/) (1950 83) . 
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(198 1) sugges t tha t a l ti tude effec ts a re impo rta n t a t lower 

latitudes, and they indica te a n ave rage 180 d eple ti on of 
0. 2%0 per 100 m of ele\'a ti on increase . H owever, Quelc­
caya is loca ted 4.5° so uth of Huascara n, a nd ge nerall y 
6 180 becomes mo re negati ve with in creas ing dista nce 
from the equ a tor (Thompson a nd o thers, 1984) . 

H ow 8 180 in tropica l ice caps is a ffec ted by meteo r­

ological processes is a relat ively new area of inves ti ga tion. 
A close relat ionship between long-term cha nges in sta bl e­
iso topic ra ti os and surface air tempera tures has been 
es ta bli shed for mid- and hig h-I a ti tud e regio ns (R ozanski 
a nd o thers, 1991 ). Th e esta blishment of the A \VS on 

Hu alca n a nd th e ongoing co ll ec ti on of pit a nd surface 
snow samples will help to es ta blish tra nsfer fun c ti ons fo r 
th is tropical loca ti on wh en enoug h d a ta a re coll ec ted. 
Air-m ass circul a ti o n a nd th e na ture a nd so urce o f' 
precipita ti on und oubtedly a [Iec t 6 180 in th e ice fi e lds in 
th e And es; however, th e ev id ence di sc ussed below 

es ta bli shes a linkage with tempera tu re . 

Recent warIDing 

Fig ure 5 compa res the 6 180 a l1 from Huasca ra n with 
a nnu a ll y a veraged tempera tures fro m two meteo rologica l 

stati o ns in th e region: R ecuay (09°43' S, 7r 27' W , 3394 m 
a .s.1. ) and C hiqui a n (10°09' S, 77°09' \<\' , 3350 m a .s.1. ) . 
Although the sta ti ons are loca ted a pp rox im a tely 2500 m 
below the co l drill site, all three reco rds contain simila r 
genera l trends since 1965, the first complete yea r in which 

tempera ture was record ed. R egress ion a nalyses yield the 

following R2 \'a lues: R ecuay a nd C hiq ui an , 0.70; Chiq ui a n 

and Huasca ra n, 0.40; R ecuay a nd Huascara n, 0.04. The 
very low R2 between R ecuay a nd Huasca ra n is surprising, 
given tha t th ei r profil es a ppear qua lita ti \'ely very simil a r. 
This may be due in part to the la rge ranges in seasona l 
isoto pi c values and seasona l tempera tures on Hu ascani n 

(a t leas t 9°C), which a re much grea ter tha n the ra nges of 
seasonal tempera tures from R ec uay a nd Chiquia n (2-

.---------------------------------.14 

13 

12 

11 

-20 

1950 1960 1970 1980 1990 

Year (AD) 

Fig . 5. Annual averages of 8180 from Huascaron, 
comjJared with annually averaged temjJera tures }i'om two 
high-allitude meteorological stations ill the region. ALL Ihe 
records display increasing trends since 1975. 
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3°C). Th ese large intra-a nnua l differences may contribute 

to a n exagge ra ted ra nge of a nnual averages of isotopic 
\'a lues seen in Fig ure 5, compa red with the sma ll er ra nge in 
tempera tures a t the meteorologica l sta ti ons. As with the 
seasona l \'a ri a ti ons in 6 180 a nd tempera ture, th e bI80 ,,"­
te mpera ture rela tionship can be more firml y es ta blished 

when suffi cient da ta ha\T been collec ted from the Hualca n 

AWS which, unlike the meteo rological sta ti ons, is a t a n 
c1 e\'a ti on compa ra ble to Huasca ra n. 

Of p a rti cula r interes t is the increasing tempera ture 
trend beginning in th e ea rl y 1970s whi ch is contempo ra ­
neo us with IRO enri chm ent in the ice co re. This recent 

warming has ad versely a ffec ted other ice caps in th e 

Cordill era Blan ca . The loca ti on of a n a ppropri a te deep­
drilling site was th e goa l of th e 1990 and 199 1 field 
seaso ns. \If hen reconna issance ex ped i ti ons \I'erc cond ucted 
to se \'era l sites : Hu asca ra n, Hu alca n, Copa p. Puca hirca 
a nd Ca ull araju (Fig. I ). Sh a llow cores were co llec ted a nd 

a na lyzed for l\1PC , ~03 a nd 8180. 8180 was mos t 

\' a l ua ble for eva l ua ting the potential qu ality of th e proxy 
clim a te record a t each site (Fig . 6) . Onl y th e 6 180 profil e 
from th e Huasca ran sha ll o\l' co re drill ed in 199 1 con ta ins 
di stinct seasona lity which does not smoo th with depth . 6 1H O 
profil es fro m th e lower- eleva ti on sites di spl av bo th 

diminished seasona l ra nges a nd loss of seasona lity below a 

fell' meters. This iso topi c altera ti on has occurred recent '" 
a nd o\'er a short peri od of tim e. For example, the b l 80 
profil e from Pucahirca di spl ays la rge iso topi c enri chment 
and signa l smoo thing between 1984, when a n 8 m co re was 
re tri eved , a nd 1990 (Fi g. 7). Th e enri chm ent whi ch 

occurred during these 6 yea rs was a bout 3.5%0, a nd th e 

seasona l ra nge decreased fro m 18%0 to 4.5%0. Also, during 
sha llow drilling a t these lower-eleva ti on sites , laye rs of 
percola ted melt\l'ate r were obscn 'ed belo\l' the surface . This 
did not occur on Hu asca ra n, where surface melting a nd 
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Fig. 6. 8180 profiles jiom lower-elevation sites in the 
Cordillera Blanca show the smoothing and emic/l1nent of 
tlte seasonal signal wilh dejlth, and ([1'e coll1jlared with the 
well preserved record ill Huascarall . 
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PI/caliirca ice rap in 1984 and 1990 dem%lrale Ihe 
significanl isolo/Jir enrichmenl and JmOo lh ing oJ Ihe 
seasonal sigllal over the illlen'elling 6)'ear illlerm/. 

melf\I'ate r perco la ti on thro ug h th e firn were ne \'er 
obsen ·ed. In f~\ c t , these obsen 'a ti ons \I'ere c riti cal for the 
selec ti on of Huascani n, the hi g hes t of th ese mountains. as 
the best site ror obtaining a presen TCI prox \' clima ti c 

record. 

Thi s r ece n t warmin g is occ urring not o nl y in 
north ern regio ns o r th e And es but in th e so u th ern 
Andes as we ll. During a re turn trip to th e Qu elceaya ice 
cap in 199 1, th e m a rgins, incl uding th e Q o ri K ali s o utle t 
g lac ie r, were fo und to have dras ti call y receded (Brec her 

a nd Th ompso n, 1993 ) . The 8180 profil e fro m a sha llo \l' 

co re drill ed a t th e summi t of Qu elccaya in 199 1 \I' as 
no ti ceabl y sm oo th ed in compa rison w ith th e profi le 
re tr ie\'ed (i'om th e summit in 1976 (Tho mpson a nd 
o th ers, 1993 ). T hese d a ta ind icate th a t th e ele\'a ti o n o r 
th e zo ne o f m elting a nd subsequent wa te r pe rco la ti o n 

ha \'C ri sen in thi s a rea. R ecenr wa rming, m a rked by 
in creases in a nnua l tempera tures m easured a t R ec uay 
a nd C hiqui a n , th e contempora neo us oxygen-i soLO pi c 
enric hm ent in Huasca ra n a nd th e di sap pearance or th e 
cl ima te reco rds in th e 10\l'e r-el e\ 'a ti on ice caps in th e 
Cordillera Bla n ca, is a lso reOec ted in th e Quelccaya ice 

ca p to th e south. 

CONCLUSIONS 

Th e new co res fr o m Hu asca ra n conta in th e bes t­

presen -ed seasona lity in MPC, N03 a nd 81BO ye t seen 
from th e Peru\·ia n A ndes . T empera ture, \I'ind speed a nd 
\I'in d direc ti o n record ed by the sa tellit e-linked :-\ \\'S 
es ta bli shed in 199 1 o n neigh boring Hua lca n a lso \'a ry 

Daris ({lid 01111'1"5 : C:ordillera BI({nca ice-core climale records 

seasona ll y. Hi gh :'IPC a nd ~03 occ ur in th e winter 
,,·hen stron g north easterl ies pre\'ail a t th e 500 mba r le\ el. 
Seasonal \'aria tio ns in th ese two pa ra me ters a re instru­
menta l [o r d a ting th e core. 

Ox yge n-i so to pic ra ti os \'a ry in a simila r m a nn er to 
th ose o n th e Qu elccaya ice ca p. H o\\'c\"e r. consistent 

\I'ith o th er And ea n ice co res, a nd oppos it e to polar co res , 
IH O is e nri c hed durin g th e winte r . Thi s r e fl ec ts 
additi o na l racto rs such as prec ipita ti o n so urce a nd 
trans po rt a nd a tmosph e ri c-c irc ul a ti o n e fleets . Annu a ll y 
a\"eraged tempera tures rro m [\1' 0 m eteo rologica l sta ti o ns 
in th e regio n sho\\' a n increas ing trend O\"e r th e pre\'io us 

t\l'O d eca d es contempora neo us ,,"ith increas ing 8IHO'"1 
\"a lue, from Huasca ra n. Although the processes affec tin g 
15 180 in tropica l snoldi elds a re not full:' unel ersLOoel . a 
positi n' co rrela ti on ex ists on a n inler-a nnua l basis betwee n 
increasing tempera ture ancl less nega ti\T oxygen-i soto pi c 

ra tios. 

Annua ll y m 'e raged 81RO from the Hu ascanl n ice core 
is \Try nega ti \'e, whil e th a t from Copap. Pu cahi rca, 
Ca ull a raju a ncl Hu a ld. n , re tri e\eel in 1990 a nd 199 1. is 
more enri ched (less nega ti\ 'C ) . Th ese difTerences prim a ril y 
re fl ect eln 'a ti on eflec ts. M a ny 0 (' th ese ice caps exist a t or 

nea r th e th erm a llimir, a nd sma ll increases in a tmospheri c 

tcmpera tu res a re expec ted to e1e\'a te th e zones of m elting 
a nd perco lat ion . This is obsen'Cd on lower-e le\"a ti on ice 
caps in th e Corelill e ra Bl a nca where seasona l DIBO signa ls 
a re smoo th ed just a fe ll' meters belo\l" th e surface due LO 

pe rco la ti on o f melt\l·a te r. Fo rtun a te ly. th e pa leo-clim a te 

rccord on Hu asca ra n is intac t. It is the hig hes t tropi cal 

mountain in th e \I'orld , a nd the drill site is loca ted well 
a bo\"e th e present th erm a l limit. Th e pa leoclim a ti c 
reco rds fi'om ice ca ps in thi s region or th e worlel a re 
di sa ppea rin g ra pidly in res ponse to th e recent wa rming. II' 
this ,,"arming trend continues, Huascara n may a lso cease 

to presen T a clim a te record . 
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